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INTRODUCTION
The goal of the German government to reduce CO2 emissions about 40 % until 2020 leads to a rising energy infeed fluctuation evoked by renewable energy sources in the German power system [1] . Due to a high percentage of volatile power infeed, the share of gross electricity generation in 2014 increased to 9.1 % from wind and 5.7 % from photovoltaic (PV) [2] . The future share of renewable energy sources should rise up much more according to the German government. Therefore, the electricity system requires intelligent power networks to secure a stable balance between generation and demand [3] . One part of this intelligent power network is a Virtual Power Plant (VPP) that provides centralized control for aggregated units. The future system shall provide advanced functionalities similar to real power plants aiming on economically sensible generation and increased reliability [4] . Therefore, the individual functionalities of decentralized units are bundled up using suitable communication and control systems to entirely replace conventional power plants [5] . However, bundling up single functionalities of single generation unit's does not directly secure similar operation concepts to conventional power plants.
Therefore, this paper deals with the question how VPP can be integrated into the current German power system exploiting their advantageous characteristics like centralized control of small volatile renewable generation units. Included in this, current available technical VPP properties as well as available and economic reasonable operation concepts are checked under consideration of current market circumstances. For example, so far there is no operation concept for VPP that supports the elimination of critical situations in TSO voltage levels. Furthermore, until now the VPP operates within the TSO control area without supporting detailed location information. Therefore, this paper presents an accounting area analyzing method that solves this problem.
[4] - [6] present some investigations already dealt with corresponding optimization methods, but none of them addresses the overall system requirements in its entirety. For that reason, Figure 1 illustrates the system design of a VPP as well as the interaction of market and power system participants and components.
All units are remotely accessible through a central energy management and control center, which calculates the optimal schedule by taking into account information from the electricity market and forecast data of the individual generation and load units.
Though the overall flexibility of decentralized power units can be improved by applying the concept of VPP's [4] [5] [7] , the German electricity market together with applicable Figure 2 . Overview of wind forecast methods and corresponding mathematical algorithms, [14] - [16] Figure 3. Overview of PV forecast methods and corresponding mathematical algorithms [18] regulations still not provide the required incentives for a sustainable operation and consequently for a large-scale rollout. Based on the identification of basic requirements, this paper points out different necessary presupposes for the operation of VPP's similar to conventional power plants. This include different aspects like communication, generation and demand forecast as well as the German electricity market behavior. Furthermore, this presupposes are necessary to realize the new VPP operation concept for taking part in network congestions elimination. Therefore not only the benefit for VPP owners and direct marketers is identified, but also TSO's are provided advanced functionalities described here.
II. BASIC REQUIREMENTS OF VPP'S

A. Communication
Communication is a basic requirement for the operation of VPP as well of intelligent power networks in general. Therefore, it is necessary that generation units, controllable loads and all players offering power flow flexibility and aiming on benefits from variable tariffs can use a standardized and reliable communication system [3] . Based on this there is a need for a standardized communication language and easy data exchange between all players. Tab. I lists typical standards for communication in electric power systems, which can be applied in German power system. Furthermore all these standards are necessary for the operation of VPP and the communication with measurement systems, market and the system operator. Tab. 1 shows that various communication standards are applied to VPPs [10] . According to [11] the IEC 61850 represents one of the most important communication standards for the operation and control of VPP with the integrated intelligent networks and distributed units. The innovative standard enables a secure and reliable communication and control using intelligent measurement systems like Phasor Measurement Units (PMUs) and control units like Remote Terminal Units (RTUs) [11] [12] . Its necessity is based on the requirement to standardize data-models and furthermore to describe communication mechanisms and system management aspects. This standard is an extension to IEC 60870 result from adapted power system requirements. IEC 61850 has the advantage of defining data units through logical nodes with defined data-structures (common data classes) [13] . This standard enables the control center to have direct data access and direct control to any physical unit of the VPP in the power network. Furthermore, this standard and the direct communication support the VPP operator with information about the physical location so that he is able to separate physical units according to e.g. accounting areas.
B. Forecast-oriented power unit scheduling
For setting up an optimal power unit schedule, the VPP operator needs to distinguish the individual characteristics of the available resources. This information is not only necessary for an optimal market participation, but also for enabling the system operator to make Day-Ahead and Intra-Day forecasts as well as to know the maximum controllable power for critical situations. The demand forecast for high numbers of small consumers can be realized using standardized load profiles. Bigger customers, like industry companies with bilateral contracts, require separate measurement systems in order to meet the requirements for providing dedicated demand side potential. In contrast, a larger percentage of units in the VPP are generation units and especially volatile ones like PV plants and wind turbines. Consequently, an exact forecast for those units is indispensable from the operator point of view, e.g. for scheduling the secondary control reserve [14] .
The forecast for wind and PV generation can be realized with different methods presented in Fig. 2 and Fig. 3 . Thereby, the volatile factors are wind speed and solar radiation [12] .
Wind forecast methods can be divided in six groups depending on its corresponding mathematical algorithms. Four methods (Persistence-, Statistical-, Artificial Intelligence method and Spatial Correlation model) are based on current wind measurement and statistical data as well as on learning approaches to predict wind generation. Depending on the applied method, the forecast horizon varies between a few minutes up to one day. To achieve an increase in accuracy and time horizon, it is necessary to use a physical or hybrid method. Both methods are based on meteorological and climate data and use the numerical weather prediction (NWP) for that purpose, but under the constraint of high computational effort. Regarding the methods and the forecast horizon the best accuracy (mean absolute error) varies between 5 % and 7 % for one to two hours forecast and increases for Day-Ahead forecast [14] - [17] . According to Fig. 3 , three of the shown methods (Persistence-, Statisticaland Artificial Intelligence Method) process current solar radiation and statistical data. This way utilizable data can be provided for a forecast horizon of a few minutes until one day. However, similar to wind forecast the accuracy rapidly decreases with the forecast horizon. Compared to wind forecast, PV forecast depends even more on available information from weather stations and satellite data to detect clouds, high fog and other phenomena that effect solar radiation. Therefore, the physical method and the hybrid methods uses NWP and Cloud Imagery for prediction with subsequent data post processing [18] . In consequence to the described uncertainties in generation forecast, the VPP operator has to deal with different impacts. In case of direct market participation, he has to expect sanctions from the power system operator or participate in the Intra-Day market accepting possible high costs [19] . Besides using storage systems, there is a solution by using existing flexibilities from wind turbines and biomass plants. Those technologies can provide power reserve if they are not operated at their maximum power output limit. However, since storage systems are still expensive and an appropriate market model involving positive and negative power capacity of wind and bio generation is not provided, more profit can be achieved by operating the units at the maximum power output level.
C. German Electricity Market
In this section, the German electricity market will be characterized focusing VPP to identify possible operation behavior which influence system operation. Based on this there are three possibilities to sell energy from renewable energy sources. The first possibility is to receive fixed payment, which is determined based on the German Renewable Energy Act (EEG). The other two possibilities are to participate in the Energy-Only-Market and to sell control reserves at the balancing market [19] .
The electricity is traded in Germany either at the energy exchange or bilateral at the Over-the-Counter market. The European Energy Exchange (EEX) in Leipzig is the biggest market place for electricity produced in Germany. Electricity on the EEX can be traded either on the futures market or on the spot market (EPEX SPOT in Paris). The main difference between these markets is the electricity delivery time. Thus, the futures market provides the contracts for the long-term supply of electricity up to six years in the future [19] . The Spot market is used as a trading platform for the short-term supplied electricity within 1-2 days: Day-Ahead and Intra-Day markets [19] , [20] . Thus, the Day-Ahead market is used to trade the electricity, which will be generated and consumed the next day. Because of the fact, that the Day-Ahead market is based on forecasted profiles (generation and consumption), an Intra-Day market is necessary to balance the forecasted error. The contracts on the Spot market are mostly carried out physically, that means the physical electricity delivery to the fixed date [21] . According to ( §11 EEG 2014), a system operator is obligated to transmit the renewable electricity and to sell it at the exchange. The operators of renewable power plants receive a fixed remuneration, which is supported by the EEG-apportionment. As a result, the renewable energy sources are always first at the merit-order independent from the operation costs. Nuclear and lignite power plants follow, since they are usually used to cover the base load due to technical and economic advantages. Hard coal, gas and oil power plants are usually more expensive. Thus, renewable electricity has a great influence on the electricity price, because of its priority position. The operator of renewable energy sources can freely choose between a fixed EEG remuneration and the direct marketing at the beginning of each calendar year, §20 (1) EEG 2014. In addition, all systems with an installed power of more than 100 kW, which are put into operation from 1 January 2016, must be marketed directly ( § 21 EEG 2017). The benefit of direct trading in contrast to the fixed remuneration is that trader get the chance on higher profits by receiving market earnings plus a market premium. The market premium is lower than the fixed remuneration but another governmental incentive to get a higher percentage of renewables in the market system. However, there are some technical limitations which restrict the operation of VPP's at the market and in the power system. These are for example the lowest bid of 0.1 MW to participate in the Day-Ahead and in the Intra-Day market. Additionally, the market and EEG incentives for the operation of single generation units instead of VPP's are nowadays much higher.
In conclusion, right now there are still no high financial as well as regulatory incentives to operate the VPP in a way, which serves both areas -market and technical operation. According to this physically delivery of electricity will be more uncertain, by regarding future systems with higher share of renewables. Based on this it will be indispensable to use the VPP benefits of generation unit aggregation and its aggregated central controlled flexibilities to have minimum system effecting controllable power.
III. VPP OPERATION CONCEPTS
One of the main challenges of VPP operators is the setup of the internal merit order, that defines which power unit shall be used to satisfy a certain power demand or infeed. This has to be done under consideration of type of generation unit, its technical capability and regulatory as well as economical restrictions. One of the most common ways is to define a central objective function or operation concept respectively. Two main options can be distinguished:
1. Technical oriented: system support according to §13 EnWG, peak shaving, load flow optimizing, provision of control reserve, operation like conventional power plant and a hybrid operation of all technical concepts 2. Economic oriented: profit maximization, under the condition of a strategic higher profit as an investment with a comparable risk Figure 2 . Accounting area sensitivity calculation concept [22] But the fact is that actually VPP operator maximize their profits by offering as much energy as possible in the markets with the aim of highest possible profit. One of the results is that VPP benefit with the functionality of centralized control for aggregated small generation units is unused, caused by missing monetary or regulatory incentives. This brings one problem for system operator. VPP's sell energy based on the market premium at every point of time even in case of congestions in the DSO or TSO network.
However, even in case of a future VPP with a technical oriented operation concept, maximization of profit represents one of the most important constraints. This leads to the importance of the secondary conditions during the planning and optimization of the operation concepts. The secondary functions depend on some general facts like technical restrictions and on individual restrictions (depending on the VPP) like number and types of generation units. Some important points that have to be considered for secondary functions of a VPP are listed below.
• Number and type of power unit The listed factors can be mathematically involved and expressed in terms of a maximization or minimization problem (objective function) with a given number of restricted goods (constraints). Operations Research can be applied to solve the resulting linear optimization problem (LOP). This procedure is mainly used to support economical decision but also meets the operation scheduling requirements of VPPs. A commonly used iterative method to solve LOP's with an exact solution is the Simplex algorithm. However, the problem of these method is a full enumeration, which can only be used for more or less small problems in an acceptable computation time [22] . Other Methods like "Branch & Bound", "Cutting Plane algorithms" and "Heuristic methods" can also be used [23] - [25] .
IV. TECHNICAL INTEGRATION OF VPP'S THROUGH
ACCOUNTING AREA SENSITIVITY ANALYSIS German TSOs are obliged to nondiscriminatory use resources for handling critical situations according to the Energy Industry Act (EnWG), so that the information about the exact (only postal code) location of renewable generation units are not available. That is why the exact hand-over point of (aggregated) generation units to the distribution network is not accessible by the operator. This applies to all power plants above 10 MW. Moreover, 45 % of the renewable power was installed in medium and low voltage level [26] , so that the largest possible system-supporting VPP potential lies in this area. For that reason, VPP's are hard to integrate into the system operation from a TSO's point of view. In order to merge the economic value with the technical capability of VPPs, both the system operator and the VPP owner (direct seller) can benefit from assigning electrical power capacity (positive and negative) to a certain connection point. In consequence, TSOs are allowed to draw the energy under consideration of the expected influence on the transmission network. VPP operators on the other hand can apply their complete functionalities by providing system services related to corresponding affected areas.
However, the imprecise location and system influence identification of VPPs is a problem that is not solved until now. The solution is according to [22] to use accounting areas combined with sensitivity analyses. For this purpose VPPs have to be divided according to the accounting areas. Further information like active power send to the transmission system and individual power flows between accounting areas are still available for the TSO.
Due to the high complexity of German distribution systems different cases need to be distinguished. Firstly, power plants can be directly connected to first order distribution networks. In this case it has direct influence on the TSO hand-over point. A generation unit connected to a second order distribution system (e.g. a local utility) influences superior networks. Therefore, it is necessary to describe the influence of power plants to all affected areas by available data. Since the TSO only gets physical measurement data from and in between accounting areas, those are the basis for the following considerations. Fig. 4 illustrates the principle by showing different accounting areas of first order and their active power interactions.
A sensitivity approach based on the transferred power to the transmission system is used for expressing the impact of power adjustments:
Where xi is the impact factor of the sensitivity attached to the accounting grid i. Pacc,i-TSO describes the active power send to the transmission system and Pacc,i defines the total transferred power of an accounting area. The total transferred power of each accounting area is calculated with the sum of all Pacc,i-j which is the individual power transferred to the adjacent areas. l defines the number of lines connected to the corresponding accounting area. 
The power transfer between all accounting areas within one cascade can be defined with following matrix where n defines number of lines connected to all accounting area of e.g. all first order distribution networks. k defines the decision variable and assumes the value '-1' for a transferred power into and '1' for a transferred power out of an accounting area. The value '0' describes all other conditions, so that kin can be defined as the incidence matrix. 
Generally, this means that the more power is aggregated in an accounting area, the higher is the sensitivity of an included VPP. In order to take further influences into account, a weighting factor wi is introduced in the next step. Where sVPP represents the average sensitivity of a VPP factoring in cost-related influences and other effects.
System operators benefit from the calculation by quantifying the technical influence of accounting grids or VPPs respectively. Thus, TSOs are able to deploy resources in the context of §13(1) and §13(2) EnWG more effectively.
Advantages of this method are:
• Individual stabilizing potential of each accounting area (including VPP influence) can be calculated • Analyses and sensitivity calculation are not restricted to any number of cascades • Emulation of network topology for locating system stabilizing influence
In future power systems containing higher numbers of VPPs and less thermal power plants, TSOs will finally have the ability to retain a high degree of control. The presented procedure can be extended for second and third order cascaded structures, provided that intermediate power flows are known.
V. CONCLUSIONS
It has been shown that the technical preconditions for the implementation of VPP in Germany are provided. Several suitable communication standards that meet the requirements of an intelligent power network and its decentralized generation units are already in use. Still, technical disadvantages of VPPs compared to conventional power plants exists, for example a guaranteed and reliable control reserve. However, there are many technical flexibilities like active and reactive power adjustments of decentralized generation units as well as storage systems, which can partly solve the uncertainty problem of demand and volatile generation forecast in particular. Additionally, different operational concepts for VPP's like peak shaving, provision of control reserve and system stabilizing according to EnWG can be used in order to improve a stable and reliable system operation in the future.
Eventually, the economical aspect is the most important one, especially from a VPP operator's point of view. As long as there is no sufficient level of monetary incentives, a reasonable support for the power system will not be provided. Under the given market conditions and the validity of the German Renewable Energy Act the profit for a single generation unit is much higher as for a VPP system compound, especially with regard to installation costs for a communication system and control center. Nevertheless, the future market will be dominated by renewable energy sources, so that the VPP concept will become more and more important for maintaining and improving a reliable and secure power system operation.
Finally, this paper pointed out a new concept to use VPP for solving critical situations in the power network. This method enables TSOs a high control of the system by assigning VPPs to accounting areas. Furthermore, already known accounting area power flow information can be used for sensitivity analyzation. This significantly solves the TSOs location information problem and support the TSO and DSO with influence information to solve critical situations. In order to this VPPs can be integrated into the transmission system operation by intelligently processing available input data in connection to advanced mathematical algorithms.
